Understanding the effects of forest fragmentation on tree-dwelling sciurids is of particular interest given their arboreal habits and the extent of anthropogenic habitat fragmentation inflicted upon North American forest ecosystems over the past 2 centuries. In this study we investigate occurrences of northern flying squirrels (Glaucomys sabrinus) and red squirrels (Tamiasciurus hudsonicus) in forest fragments in southern Ontario, Canada, as a function of local habitat and landscape features. During the summer of 2006 we measured occurrence via livetrapping in 24 forest fragments ranging in size from 4 to 2,881 ha, each adjacent to or surrounded by active row-crop agriculture. In addition to patch area and measurements of local habitat features, we calculated 4 landscape metrics in variously sized circular landscape windows: number of patches, forest cover, mean proximity index, and distance to the nearest neighboring patches. Occurrence of G. sabrinus was positively correlated with patch area (P 5 0.016) but not with other features, whereas occurrence of T. hudsonicus was positively associated with basal area of coniferous trees (P 5 0.047) but not with other habitat or landscape features. Populations of T. hudsonicus did not show fragmentation effects, likely due to high vagility and high population growth potential. Northern flying squirrels were not found in patches , 29 ha in size and, as estimated from a receiver operating characteristic curve, the ideal minimum fragment size for patch occupancy was 48.25 ha. Our data support conclusions that diverse management schemes may be required to preserve relatively large contiguous tracts of forest for G. sabrinus and appropriate conifer structure for T. hudsonicus in a way that will facilitate the persistence of these 2 species in deciduous Great Lakes-St. Lawrence forest ecosystems.
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Recent expansion and intensification of fragmentation through anthropogenically induced land-use change has led to fragmentation being one of the most frequently cited threats to species and genetic diversity worldwide (Andrén 1994) . Habitat loss itself has effects on species distributions, abundances, and richness; however, it is often exacerbated in fragmented landscapes by increasing isolation of patches and increased proportions of edge habitats (Andrén 1994 (Andrén , 1995 Bayne and Hobson 1998; Soulé 1980) . In small mammal studies habitat fragmentation has been linked to restricted movements and patch colonization, reduced population growth rates and adult body weights, home-range compaction, reduced foraging opportunities, increased parasitism, and elevated levels of inbreeding depression and genetic drift (Andrén and Delin 1994; Garner et al. 2005; Herrerías-Diego et al. 2008; Huitu et al. 2008; Hulová and Sedlácek 2008; Koprowski 2005; Swihart 1996, 2000; Tamura and Hayashi 2007; Wauters et al. 1994b) . Increased fragmentation of wildlife populations can destroy metapopulations, with habitat isolates becoming more susceptible to local extinction when dispersal and patch recolonization are limited. As anthropogenic habitat fragmentation intensifies, understanding wildlife responses to fragmentation will become increasingly important to conservation of biodiversity and resource management.
Arboreal squirrels (Rodentia: Sciuridae) are obligate forestdwelling species that provide excellent models for understanding the effects of forest fragmentation (Koprowski 2005) . Fragments often are easy to define (i.e., forest versus nonforest), and ease of trapping allows relatively straightforward determination of species occurrences (Koprowski 2005) . w w w . m a m m a l o g y . o r g Two tree squirrels that have experienced large reductions in total available habitat area in the southeastern portions of their ranges are the northern flying squirrel (Glaucomys sabrinus) and the red squirrel (Tamiasciurus hudsonicus). The former occupies boreal and northern temperate forests throughout North America and is commonly considered to be a specialist of mature coniferous forest habitats with high tree crown connectivity and abundant cavity trees and downed woody debris (Carey 1995; Carey et al. 1999; Holloway and Malcolm 2006; Rosenberg and Anthony 1992; Witt 1992) . However, recent studies suggest that habitat requirements of G. sabrinus may be quite plastic (Weigl 2007; Wheatley et al. 2005) . Habitat protection and management nonetheless remain major conservation issues for this forest species, especially for the endangered subspecies G. s. coloratus in the southern Appalachian Mountains. G. sabrinus may be particularly sensitive to changes in landscape structure because of its gliding locomotion, which may be poorly suited for moving across nonforested areas and, hence, may impede natal dispersal and colonization of patches.
Tamiasciurus hudsonicus possesses strong affinities for and coevolutionary ties with coniferous forests (Goheen and Swihart 2005) . Mature stands of coniferous forest are optimal habitat where highest densities, greatest body mass, lowest mortality rates, and highest reproductive rates are attained (Kemp and Keith 1970; Obbard 1987; Rusch and Reeder 1978) , although red squirrels are found in a wide variety of forest types throughout their range in North America . As a result of larder and scatter-hoarding behaviors, especially of white (Picea glauca) and black (Picea mariana) spruce and jack pine (Pinus banksiana) seeds, T. hudsonicus likely plays a key ecological role in forest ecosystems by predating and dispersing conifer seeds (Layne 1954) . T. hudsonicus possesses high vagility, a likely factor in its range expansion into deciduous regions of the midwestern United States simultaneous with intensifying forest fragmentation in the region (Goheen and Swihart 2005) .
Most studies of the responses of G. sabrinus and T. hudsonicus to habitat fragmentation have focused on patch area relationships in regions with .30% forest cover, where population reductions can be explained solely by habitat loss (Andrén 1994), or in regions not fragmented by a hostile or impermeable matrix. These studies have produced conflicting results with respect to area, isolation, and edge effects, perhaps as a function of differences in landscape context and habitat quality Hobson 1998, 2000; Goheen et al. 2003a; Nupp and Swihart 2000; Smith and Person 2007) . In general, however, strong negative relationships between patch area and squirrel density appear to be common among species of tree squirrels (Koprowski 2005) , whereas relationships between patch area and occurrence are typically positive (Goheen et al. 2003a; Nupp and Swihart 2000) . Densities of tree squirrels are greater in smaller patches due to home-range-size compaction (Koprowski 2005) , and occurrences of tree squirrels in large patches may be linked with increased probabilities of population persistence (Selonen and Hanski 2003; Smith and Person 2007) . Most studies examining effects of isolation of patches on occurrences, densities, and abundances of G. sabrinus and T. hudsonicus have not found significant relationships (Bayne and Hobson 2000; Goheen et al. 2003a; Nupp and Swihart 2000) .
We examined occurrences of G. sabrinus and T. hudsonicus in relation to several landscape features thought to be fundamental to island biogeography theory (MacArthur and Wilson 1967) and the metapopulation concept (Levins 1969 (Levins , 1970 , namely patch area, isolation, and habitat quality. Island biogeography theory does not make predictions for species densities or abundances on an island but rather defines the relationship between the area and isolation of an island and species occurrence on that island. As such, occurrences are explored herein and used as our only response variable. Objectives were to examine the occurrence of G. sabrinus and T. hudsonicus among a set of habitat fragments in southern Ontario, Canada, as a function of site-level habitat features; to relate the occurrence of both species to various biologically relevant components of landscape structure; and to estimate minimum patch area requirements. We predicted that occurrences of both species would correlate with increased patch area and reduced isolation but that habitat affinities would modulate these results. We expected poor ground-based locomotion of G. sabrinus to impede its movement through the agricultural matrix, thereby increasing its sensitivity to habitat fragmentation and patch isolation. We expected the greater vagility of T. hudsonicus to result in less-pronounced effects of isolation.
MATERIALS AND METHODS
Study area.-The study was conducted in southern Bruce and Grey counties, Ontario, Canada (43u599-45u129N, 80u229-81u399W; Rowe's [1972] Huron-Ontario forest region). Forest fragmentation is severe in Bruce and Grey counties, which is one of the most intensively farmed regions in Canada (Allen et al. 1990) . Approximately 22% of the landscape is forested (J. E. H. Patterson, pers. obs.) , and most remaining tracts of closed-canopy forest are smaller than 100 ha (Friesen et al. 1999) . The reduction in total forest area, combined with small patch areas, has presumably caused changes in the local biota beyond what might be expected from habitat loss alone, making the study area a prime candidate area for landscape-level studies (Andrén 1994) .
Site selection.-We chose 24 forest fragments for study. All fragments were deciduous (51-99% deciduous, with a mean of 80%, based on basal area measurements), secondary forests with abundant sugar maple (Acer saccharum), white ash (Fraxinus americana), American beech (Fagus grandifolia), eastern white cedar (Thuja occidentalis), and aspen (Populus tremuloides and P. grandidentata). Fragments were chosen to span the range of patch areas found in the study area provided that they were .3.84 ha in area, the area required to establish the trapping grid (mean patch area 5 240 ha; range 5 4-2,881 ha). The immediate matrix between the focal fragment and surrounding fragments was row-crop agriculture in all cases. To improve spatial independence the minimum distance between the 24 sites was approximately 10 km (mean distance between sites 5 45.2 km; range 5 9.7-98.9 km). Sites experiencing active anthropogenic disturbances, such as timber harvest, were not used. All large blocks of habitat that may have provided a source of potential dispersers were incorporated into the study.
Sciurid trapping.-Following Holloway and Malcolm (2007) , each fragment was sampled by use of a 4 3 9 grid, with 40-m spacing between trap stations. A trap station consisted of a large-sized Sherman trap (10 3 12 3 38 cm; H. B. Sherman Traps, Inc., Tallahassee, Florida) attached to the nearest tree . 20-cm diameter at breast height at a height of approximately 1.5 m. Traps were secured with an elastic cord on top of two 15-cm-long spikes driven into the tree (Holloway and Malcolm 2007) . We prebaited each trap station for 3 nights prior to the 1st trap night by placing peanut butter on the tree trunk. Traps were baited with peanut butter, soaked sunflower seeds, and a slice of apple and set for 3 consecutive nights per trapping session and rebaited daily as required. Cotton was provided as bedding. All traps at each site were set and checked at the same time each day, and all traps in this study were checked and set once in every 24-h period to ensure methodological consistency across sites. All individuals were marked with metal ear tags (Monel No. 1; National Band and Tag Co., Newport, Kentucky) and body mass, hind-foot length, sex, and reproductive status were measured. Trapping and animal handling procedures followed guidelines set out by the American Society of Mammalogists (Gannon et al. 2007 ) and were approved by the Animal Care Committee of the University of Toronto.
Each forest patch was sampled twice, once during 1 June-8 July 2006 and again during 9 July-9 September 2006. Thus, each forest patch was trapped for a total of 6 nights (216 trap nights). We attempted to maximize detection by prebaiting each site for 3 days prior to trapping and by trapping the same sites on 2 separate occasions in the same season. Probability of detection for each species was computed using program PRESENCE 2.0 (available for download at http:// www.mbr-pwrc.usgs.gov/software/presence.html).
Habitat measurements.-We focused on habitat features previously shown to be important predictors of occurrence, density, nest site selection, trapping success, or a combination of these, for the 2 species of interest. Coniferous : deciduous forest composition is used in many studies to predict habitat affinities of both G. sabrinus and T. hudsonicus. T. hudsonicus, for instance, is associated with areas and periods of high conifer seed production (Boutin et al. 2006; Kemp and Keith 1970) and in fragmented deciduous forests, its presence has been linked to conifer structure ). Densities of G. sabrinus have been correlated with spruce basal area and hardwood basal area in central Ontario (Holloway and Malcolm 2006) , and these squirrels may prefer deciduous trees for nesting (Holloway and Malcolm 2007) . We attempted to measure the basal area of spruce trees at our sites but found them to occur at only 8 of the 24 sites, and where they did occur they always accounted for ,4% of the total forest basal area. As such, the predictive power of spruce basal area was weak, and we chose to exclude this factor from our analysis.
Total basal area of live trees, regardless of species or type, is another site-level variable that has been noted as a significant predictor of nest site use in G. sabrinus (Holloway and Malcolm 2007) . We also sought to quantify the availability of dead standing trees (snags), which may provide suitable cavities for small mammal nests and that have been shown previously to be of importance to the nesting biology of G. sabrinus (Holloway and Malcolm 2007) . However, Carey et al. (1997) showed that G. sabrinus uses cavities in live trees more often than cavities in snags. Hackett and Pagels (2003) also showed that G. sabrinus preferred nest locations with low surrounding snag (.10 cm diameter at breast height) density. A negative relationship between subcanopy structure (classified herein as the basal area of trees . 10 cm diameter at breast height with crowns entirely below the average crown base of dominant trees) and nest site selection by G. sabrinus also has been reported (Hackett and Pagels 2003) . Hackett and Pagels (2003) hypothesized that subcanopy structure might act to impede the glide path of G. sabrinus, yet it could benefit other forest rodents, such as T. hudsonicus, by providing more cover from aerial predators and more branches for arboreal movement. This is in contrast to Carey (2000) , who noted that G. sabrinus was typically absent from secondary forest with little subcanopy structure and a closed canopy. Mahan and Yahner (1992) found canopy closure to be a positive factor for trapping success for T. hudsonicus, and many other studies also report positive effects of canopy closure (Carey 2002; Holloway 2006; Sullivan and Moses 1986) . Finally, we measured abundance of downed woody debris, which has been reported in numerous studies to be a significant predictor of densities of both G. sabrinus and T. hudsonicus (Carey et al. 1997; Hackett and Pagels 2003; Holloway and Malcolm 2006; Mahan and Yahner 1992) , presumably because downed woody debris provides suitable runways for improved movement along the forest floor and enhances the conditions for fungal growth through decay and moisture retention. From this we were able to narrow our focus to assessing the basal areas of conifers, deciduous trees, basal area of live trees, basal area of snags, subcanopy structure, canopy closure, and downed woody debris availability at the site level for each of our 24 sites.
To quantify forest tree composition we took 18 prism sweeps (basal area factor 2) per site at alternating trap stations. All trees and snags with a diameter at breast height greater than 10 cm within the sweep were counted, identified to species, and, for live trees, classified as canopy or subcanopy. The basal areas (m 2 /ha) of all living coniferous, deciduous, canopy, and subcanopy trees, and snags were calculated for each site. We measured the percentage of canopy closure with a concave spherical densiometer, averaging 4 readings in each of the cardinal directions at alternating trap stations for a total of 18 readings per site. Downed woody debris abundance was measured within a 10-m-radius plot centered at alternating trap stations for a total of 18 plots per site (and a total sampled area of 5,655 m 2 per site). The diameter of each piece of downed woody debris (minimum diameter 10 cm) within the plot was measured at the midpoint of the portion of the log within the plot (excluding portions of the log , 10 cm diameter). Diameters were summed across the entire site. In addition, each piece of downed woody debris was classified into 1 of 2 decay groups based on Maser et al. (1979) : early decay (decay classes 1-3) or advanced decay (decay classes 4 and 5). To improve normality and reduce heteroscedasticity, summed diameters of early and advanced decay classes were log 10 -transformed. A final set of 8 habitat variables resulted for use in the statistical analyses.
Landscape measurements.-In the absence of a single, widely accepted metric or set of metrics that quantifies all biologically relevant aspects of fragmented landscapes, generally it is considered best practice to measure fragmentation by use of several indices in tandem (Hargis et al. 1998 ). In addition to patch area (log 10 -transformed to improve normality and reduce heteroscedasticity) we measured the following statistics within circular landscape windows centered on the trapping grid: mean proximity index (McGarigal and Marks 1995; Whitcomb et al. 1981) , mean nearest-neighbor distance (McGarigal and Marks 1995) , number of patches, and proportion of forest cover. These metrics expressed important aspects of landscape structure, such as the amount of forest habitat (proportion of forest and number of patches) and its spatial configuration (mean proximity index and mean nearest-neighbor distance- Bayne and Hobson 1998; Fitzgibbon 1993; Nupp and Swihart 2000; Selonen et al. 2001; Swihart et al. 2006; van Apeldoorn et al. 1994; Verboom and van Apeldoorn 1990; Vos et al. 2001; Wauters et al. 1994a ). These particular metrics often have been cited as ecologically important and interpretable fragmentation indices (Andrén 1994; Bender et al. 1998; Davidson 1998; Parker 1992, 1994; Hargis et al. 1998; McGarigal and Marks 1995; Paton 1994; Vos et al. 2001) . Patch area and isolation metrics also form the fundamental basis of island biogeography theory. Although limited, past studies on occurrence of T. hudsonicus in fragmented landscapes have used area, proportion of forest, and nearest-neighbor distance with variable results (Bayne and Hobson 2000; Nupp and Swihart 2000; Swihart et al. 2007 ). To our knowledge, no similar studies have been conducted on G. sabrinus; however, studies on southern flying squirrels (Glaucomys volans) also have used area, proportion of forest, and nearest-neighbor distance (Nupp and Swihart 2000) .
We quantified these landscape measurements by use of a high-resolution (imagery interpretation at 1:5,000 scale) forest cover map of forest polygons delineated as areas with trees . 2 m in height and .60% canopy coverage (D. PuricMladenovic, Ontario Ministry of Natural Resources, pers. comm.). To add water features to this map that were present in the Ontario Ecological Land Classification raster map (D.
Puric-Mladenovic, Ontario Ministry of Natural Resources, pers. comm.), we modified the polygon map to a raster map of the same pixel size (28 m) and pixel boundaries as the Ontario Ecological Land Classification raster map and merged the 2 by use of ArcMap version 9.2 (Environmental Systems Research Institute, Inc. 2007). The inclusion of water features was necessary because southern Bruce and Grey counties have large areas of water that were excluded from landscape windows for the purposes of forest cover calculations. Landscape metrics were calculated by use of a SAS (SAS Institute Inc. 2000) program that processed an ASCII version of the merged raster map (J. R. Malcolm, pers. obs.).
One approach to estimating appropriate scales of analysis is to model the relationship between a response variable and a predictor variable at several scales and determine the scale that results in the highest model fit (Holland et al. 2004 ). Accordingly, we quantified the above landscape metrics for each of a series of circular landscape windows centered on the trap grid. The spatial scale of best model fit should relate to movement distances shown by individuals (Holland et al. 2004) ; hence, in the absence of a priori information on responses to landscape-scale attributes, we used information from dispersal distances, body mass, and home-range size. G. sabrinus is presumably capable of dispersing distances comparable to the similarly sized Siberian flying squirrel (Pteromys volans), which has been shown to disperse up to approximately 8 km in fragmented forests during natal dispersal (Selonen and Hanski 2004) . Following Bowman et al. (2002) , the predicted maximum and median dispersal distances for G. sabrinus, given a mean home-range size of 10.2 ha in central Ontario (Holloway 2006) , are 12.8 km and 2.2 km, respectively. Unlike for G. sabrinus, considerable information on the dispersal distances of T. hudsonicus is available, with a maximum observed natal dispersal distance of 4.5 km Larsen 2004a, 2004b) . Other estimates of long-range natal dispersal are 2.3 km (Haughland and Larsen 2004a ), 1.1 km (Sun 1997) , and 0.9 km (Larsen and Boutin 1994) . To span these various estimates for the 2 species we used circular landscape window radii ranging from 1 to 10 km (at 1-km intervals).
Statistical analysis.-To determine the best spatial scale for each landscape variable, for each species we calculated the Akaike information criterion statistic corrected for small sample sizes (AIC c ) for each landscape variable at each of the 10 spatial scales (landscape window radii) by use of logistic regression. The scale corresponding to the best logistic model fit (lowest AIC c value) was selected as the most appropriate scale for that variable.
The inclusion of all landscape window radii in the above analysis presented a practical problem: in some cases at the larger radii landscapes overlapped with each other, potentially compromising the statistical independence of the data. We did not expect this issue to be problematic given that the mean distance between the 24 sites was 45.2 km and that ,4% of all distances between sites were ,20 km. Nevertheless, to investigate this possible problem we explored scale relation-ships in 2 ways. In one we used the computer program Focus (Holland et al. 2004) , which was set to select randomly 100 sets of spatially independent sites for each landscape window radius (i.e., sites whose landscape windows did not overlap). In the other we used all 24 sites for the analyses (i.e., irrespective of landscape window overlap). For each analysis we calculated Spearman correlation coefficients (r s ) between the 2 sets of AIC c values ordered according to window radius, which allowed us to examine pattern similarity between the 2 approaches. These 2 approaches yielded very similar patterns; hence, in further analyses we used all 24 sites.
For each species we undertook single-term logistic regressions for the 8 habitat variables and the 5 landscape structure variables. Two-variable models were constructed using the 3 most significant, uncorrelated (derived from correlation matrix) variables from the single-term analyses and comparisons made (using DAIC c ) between the 16 candidate models. Small sample sizes did not permit us to simultaneously include more than 2 variables in 1 model (Peduzzi et al. 1996) . The Hosmer-Lemeshow test (Hosmer and Lemeshow 2000) was used to determine the goodness of fit for the resulting models.
To measure the relative importance of habitat and landscape features in explaining species occurrences, we undertook variance partitioning in a partial redundancy analysis (RDA- Borcard et al. 1992) . In doing so we sought to measure the amount of variance in the species response data that could be explained by the habitat data alone, the spatial structure data alone, and that shared by both sets of explanatory variables simultaneously (Borcard et al. 1992) . In this analysis the vector of species occurrence was used as the ''species matrix'' and the habitat or landscape variables, or both, used as the ''environment matrix.'' For each species we tested for an effect of the habitat variables given that the landscape variables were already in the model (i.e., as covariates), and vice versa. These results were compared against models with all habitat or landscape variables, or both, to undertake the complete variance partitioning procedure.
Finally, because of the importance of patch area for G. sabrinus, we tested the predictive significance of the landscape variables individually with patch area partialled out in an RDA. Variance explained and P-values were compared with those from similar RDAs in which patch area was not partialled out. To assess patch area requirement thresholds for G. sabrinus, a receiver operating characteristic (ROC) curve was developed based on the probability of patch occupancy in the logistic regression.
Logistic regressions and the ROC analysis were carried out using SAS version 8.2 (SAS Institute Inc. 2000). CANOCO version 4.5 (ter Braak and Smilauer 1998) was used to undertake RDA. All RDAs were carried out with 9,999 Monte Carlo unrestricted permutation tests.
RESULTS
Sciurid occurrence.-In total, we captured 48 individual G. sabrinus (0.93/100 trap nights) and 96 individual T. hudsonicus (1.85/100 trap nights) during the 5,184 trap nights. G. sabrinus was present at 14 and T. hudsonicus at 12 of the 24 sites. The average number of individuals captured at each site, where the species was present, was 3.5 (range 5 1-7) and 8.5 (range 5 1-27) for G. sabrinus and T. hudsonicus, respectively. Mean number of trap nights to 1st detection in a fragment for G. sabrinus and T. hudsonicus was 79.6 and 60.1, respectively (respective ranges were 36-180 and 36-72 trap nights), suggesting that each species was detected at a patch in many fewer than the total (n 5 216) number of trap nights on average. For red squirrels the detection probability was 1.0 and for flying squirrels 0.917, neither of which are interpreted here as being significantly ,1.0 (MacKenzie et al. 2003) . Reproductively active male and female northern flying squirrels and red squirrels were found at 12 of 14 sites and 11 of 12 sites for each species, respectively.
Spatial independence.-The AIC c values from the spatially independent (18 sites) and spatially nonindependent (24 sites) data sets were highly correlated and in most cases selected the same spatial scale for each variable. For G. sabrinus Spearman correlation coefficients (r s ) for mean proximity index, mean nearest-neighbor distance, proportion of forest, and number of patches, respectively, were 0.71 (P 5 0.0221, n 5 10), 0.97 (P 5 0.0001, n 5 10), 0.78 (P 5 0.007, n 5 10), and 0.85 (P 5 0.0017, n 5 10). Similarly, for T. hudsonicus corresponding Spearman correlation coefficients were 0.98 (P 5 0.0001, n 5 10), 0.88 (P 5 0.0007, n 5 10), 0.88 (P 5 0.0009, n 5 10), and 0.92 (P 5 0.0001, n 5 10). These results suggested that the ten scales were not spatially dependent enough to affect the patterns of explanatory power as a function of landscape radius. Accordingly, to maximize statistical power we included all 24 sites in further analyses.
Landscape scale.-The landscape radii that showed the best model fits for G. sabrinus were 7 km for mean proximity index (AIC c 5 29.5), 7 km for mean nearest-neighbor distance (AIC c 5 26.3), 3 km for proportion of forest (AIC c 5 28.6), and 9 km for number of patches (AIC c 5 35.0). Corresponding radii for T. hudsonicus were usually smaller; specifically, they were 2 km (AIC c 5 37.0), 2 km (AIC c 5 35.6), 3 km (AIC c 5 37.0), and 3 km (AIC c 5 36.7).
Bivariate and multivariate analyses.-According to the correlation matrix, mean nearest-neighbor distance and mean proximity index were negatively correlated at their respective scales for G. sabrinus and T. hudsonicus. Additionally, for T. hudsonicus, number of patches and proportion of forest were positively correlated at their respective scales. For the habitat variables, basal area of coniferous trees was negatively correlated with the basal area of deciduous trees. Additionally, basal area of canopy trees was negatively correlated with the basal area of subcanopy trees and, to a lesser extent, with the amount of early decay class downed woody debris. None of the correlated pairs of variables listed above were jointly entered into any of the bivariate or multivariate procedures.
When each term was entered singly into a logistic regression model, mean nearest-neighbor distance had a significant negative relationship with occurrence of G. sabrinus (P 5 0.028), and proportion of forest (P 5 0.025) and area (P 5 0.016) both had significant positive relationships (Table 1) . Mean proximity index approached significance (P 5 0.061) and number of patches was not significant (P 5 0.252). None of the habitat variables were significant for G. sabrinus (P . 0.133; Table 1 ). In contrast, none of the landscape variables were significant for T. hudsonicus (P . 0.213; Table 2 ), but some habitat variables were. Basal area of deciduous trees was a significant negative predictor (P 5 0.046) and basal area of coniferous trees a significant positive predictor (P 5 0.047); none of the other habitat variables were significant (P . 0.293; Table 2 ).
Two-variable models were created using all possible combinations of the 3 most significant, noncorrelated variables from the single-term regressions described above. None of the 2-variable models showed improved model fit (using the DAIC c statistic; Tables 1 and 2 ) compared to the most significant single-term models (i.e., patch area for G. sabrinus and basal area of deciduous trees for T. hudsonicus). The probability of occurrence of G. sabrinus exhibited a significant positive relationship with patch area (P 5 0.016; Fig. 1A ), whereas T. hudsonicus showed a significant negative association with basal area of deciduous trees (P 5 0.046; Fig. 1B) . The Hosmer-Lemeshow test showed no evidence for a lack of model fit in the models for G. sabrinus and T. hudsonicus (P 5 0.90 and P 5 0.69, respectively).
In the variance partitioning procedure landscape and habitat variables combined to explain 44% of the total variation in the occurrence data for G. sabrinus. The suite of landscape variables explained 23% (P 5 0.0019) of the variance when the habitat variables were entered as covariables, and the habitat variables explained 9% (P 5 0.075) of the variance when the landscape variables were entered as covariables. Independently, landscape and habitat effects explained a combined 32% of the variation in the species data. The remaining 12% of the variation was unexplained and may suggest some interaction between landscape and habitat variables.
Tamiasciurus hudsonicus showed a contrasting pattern. Habitat variables explained 12% of the variance and significantly (P 5 0.04) affected occurrence of this squirrel, whereas landscape variables explained only 4% of the variance and did not affect occurrence (P 5 0.50). Combined, the landscape and habitat variables explained 29% of the total variation. The suite of landscape variables explained 4% (P 5 0.43) of the variance when the habitat variables were entered as covariables, and the habitat variables explained 17% (P 5 0.035) of the variance when the landscape variables were entered as covariables. Therefore, independently, landscape and habitat effects explained a combined 21% of the variation in the species occurrence data. The remaining 8% of the variation was unexplained and may suggest some interaction between landscape and habitat variables.
For occurrence of G. sabrinus, each of the landscape variables explained a considerable amount of the total variation when not independent of area effects (i.e., without area partialled out)-mean nearest-neighbor distance: 27% (P 5 0.004), mean proximity index: 15% (P 5 0.011), proportion of forest: 19% (P 5 0.018), and number of patches: 9% (P 5 0.150). However, when area effects were partialled out, the variance explained by each variable was substantially reduced-mean nearest-neighbor distance: 1% (P 5 0.849), mean proximity index: 1% (P 5 0.899), proportion of forest: 2% (P 5 0.453), and number of patches: 3% (P 5 0.446).
The patch area requirement threshold for G. sabrinus based on the ROC curve showed a cutoff point (i.e., the inflection point on the ROC curve, where sensitivity was maximized and 1 -specificity was minimized) at a probability threshold of 0.46. This probability returned a threshold patch area requirement for G. sabrinus of 48.25 ha when entered into the logistic regression model. G. sabrinus was always absent in patches , 29 ha in area (n 5 7). Area under the ROC curve was 0.932, indicating very good accuracy of the model. FIG. 1.-Probability of occurrence of A) Glaucomys sabrinus in relation to log 10 -transformed patch area (P 5 0.016, AIC c 5 21.5), and B) Tamiasciurus hudsonicus in relation to the basal area of coniferous trees (P 5 0.046, AIC c 5 32.4) in a fragmented secondary hardwood Great Lakes-St. Lawrence forest region, with fitted probability of response curves derived from logistic regression models.
DISCUSSION
Responses of northern flying squirrels to habitat features.-Several authors have found that G. sabrinus attains higher densities in mature or old-growth conifer forest than in 2nd-growth or deciduous forest (Carey 1989 (Carey , 1991 (Carey , 2000 Carey et al. 1999; Holloway and Malcolm 2006; Ransome and Sullivan 1997; Smith et al. 2004; Witt 1992) . Others have found that density and abundance of G. sabrinus do not vary appreciably between these various habitat types (Pyare and Longland 2002; Waters and Zabel 1995; Wheatley et al. 2005) . For instance, Wheatley et al. (2005) found that G. sabrinus was equally abundant in 2nd-growth forests and old-growth forests in Alberta, Canada. These contrasting results suggest that G. sabrinus can be quite plastic in its habitat use under certain conditions or perhaps in different regions (Weigl 2007) . The lack of statistically significant correlation between habitat variables and occurrence of G. sabrinus reported here supports the findings that G. sabrinus is able to successfully occupy a wide range of habitat types (Cotton and Parker 2000; Doyle 1990; Ransome and Sullivan 2003; Rosenberg and Anthony 1992; Wheatley et al. 2005) , although none of the fragments were old-growth conifer stands, and neither density nor abundance relationships were investigated.
The ability to use these secondary forests may be due to several factors. First, although tree cavities appear to be the preferred nesting sites for G. sabrinus (Cowan 1936; Maser et al. 1981; Weigl and Osgood 1974) , and these are most abundant in mature forests (Rosenberg and Anthony 1992) , individuals also use external or subterranean nests when appropriate cavities are not readily available (Hackett and Pagels 2003) . However, Carey et al. (1997) showed that northern flying squirrels use cavities in live trees more often than cavities in snags, suggesting that snags, although receiving much attention, are not as critical to northern flying squirrels as are cavities in live trees. Second, coniferous trees have been implicated as an important resource for G. sabrinus but may not be essential. Spruce has been proposed as an important direct and indirect food source for G. sabrinus (Holloway and Malcolm 2006) . The seeds can be consumed directly (although this behavior is more typical of T. hudsonicus), and the mycorrhizal fungus, Elaphomyces sp., most common in the diet of G. sabrinus in central Ontario, is associated with spruce trees (Holloway and Malcolm 2006) . Additionally, eastern white cedar bark appears to be an important resource to G. sabrinus for use as nesting material in our study area (Patterson 2008) . In the present study spruce trees were not recorded in the samples for nearly all sites (16 of 24) and, when present, accounted for ,4% of the tree basal area, on average. Presumably, other food resources are of increased importance in these forest types. A need is apparent for further studies aimed at enhancing our understanding of the habitat requirements of G. sabrinus in regions where coniferous forests, old-growth forests, old-growth legacies, or a combination of these are not common.
Responses of northern flying squirrels to landscape context.-Patch area was the strongest correlate of occurrence of G. sabrinus in secondary hardwood Great Lakes-St. Lawrence forests, with an estimated threshold requirement for patch area of approximately 48.25 ha (the smallest patch size with animals present was 29 ha). Other studies similarly have demonstrated strong relationships between patch area and other species of flying squirrels. Nupp and Swihart (2000) observed a positive relationship between occurrence of the southern flying squirrel (G. volans) and patch area in Indiana (minimum patch area 5 4.6 ha). In Europe, Siberian flying squirrels (P. volans) were more likely to abandon small patches, perhaps due to resource deficiencies in smaller patches (Selonen and Hanski 2003) . Several studies of Eurasian tree squirrels have found a positive relationship between patch area and occurrence (Fitzgibbon 1993; van Apeldoorn et al. 1994; Verboom and van Apeldoorn 1990; Wauters et al. 1994a) . In 12 of the 14 sites where G. sabrinus was present we observed lactating adult females or reproductively active males (i.e., scrotal testes), or both, suggesting that these animals reached occupied patches the previous year, or earlier, and survived the winter (i.e., patch persistence where present in large patches rather than continual recolonization and high turnover rates).
Glaucomys sabrinus did not exhibit a statistically significant response to patch isolation, contrary to our expectations. However, the predicted negative trend was observed. One hypothesis explaining a strong patch area effect, but a lack of strong evidence supporting isolation effects, is that G. sabrinus readily uses matrix habitat and associated landscape features such as fencerows to disperse between patches even when distances between patches are large, but rapidly goes extinct in small patches. The way in which an organism responds to habitat edges predicts the response of that organism to matrix and linear landscape features (Haddad 1999; Selonen and Hanski 2003; Stamps et al. 1987; Wiens et al. 1985) . Individuals of G. sabrinus have been observed foraging along forest edges in southern and central Ontario (Holloway 2006; J. E. H. Patterson and J. R. Malcolm, pers. obs.) and do not appear to prefer interior forest habitats to edge habitats (Bayne and Hobson 1998) . Research on P. volans in Europe using radiotelemetry has shown that this species uses corridors and matrix habitats to move upward of 400 m between habitat fragments during dispersal events in which squirrels disperse a total distance of up to approximately 8 km (Selonen and Hanski 2004) . A landscape genetics study of G. sabrinus in the Great Lakes-St. Lawrence forest region of Ontario showed little genetic differentiation within or among subpopulations in our study area and among populations throughout southern Ontario (McEachen 2007) , also supporting high dispersal capabilities. Patch connectivity is dependent upon an organism's perception of landscape structure (i.e., perceptual range-Lima and Zollner 1996) and willingness to move ; thus, effective use of linear landscape features and matrix habitats by G. sabrinus warrants investigation.
If dispersal potential is high but subpopulations are nevertheless absent from small fragments, the implication is that some process or set of processes is resulting in exclusion of subpopulations from small fragments on a relatively short timescale. One possibility is that squirrels actively leave such patches, or that local populations quickly disappear, perhaps because the minimum suitable area of a forest patch for G. sabrinus is limited by thermoregulatory requirements associated with group huddling during the winter, as proposed by Nupp and Swihart (2000) for G. volans. Assuming that reduced winter energy expenditure is the proximate driver of huddling in G. sabrinus, as in G. volans (Stapp et al. 1991) , this life-history strategy may result in G. sabrinus being more susceptible to local extinctions in small habitat patches that cannot support the number of individuals required to form sufficiently large huddling groups. An alternative explanation is that probabilities for colonization are very low compared to extinction probabilities, and hence that extinction dynamics dominate the system, giving rise to strong patch-area effects.
Responses of red squirrels to habitat features.-Tamiasciurus hudsonicus is prevalent throughout deciduous forests in southern Canada and the United States, indicating that these squirrels are capable of subsisting outside of coniferous forests (Goheen and Swihart 2005) . In our study populations were more likely to be present in stands with higher conifer content, consistent with other findings in deciduous forests (Nupp and Swihart 2000; Swihart et al. 2007 ). Reproductively active individuals were found in 11 of 12 sites (during the 1st trapping period) where T. hudsonicus was present, suggesting a high persistence and overwinter survival in patches with conifer structure. T. hudsonicus tends to be a conifer specialist throughout its range in North America Kemp and Keith 1970; Rusch and Reeder 1978; Smith 1968) , relying heavily on spruce seed to meet dietary requirements and eastern white cedar bark for nest material (Patterson 2008) , so our results are not surprising. Our results suggest that the dietary or nest material requirements, or both, of T. hudsonicus are less flexible than those of G. sabrinus in our study area.
Responses of red squirrels to landscape context.-Contrary to some studies, our investigation did not reveal significant landscape or patch-area effects on occurrence of T. hudsonicus, although the species was absent from all patches , 9 ha in area (n 5 3). In the midwestern United States T. hudsonicus has been linked with large patches and reduced amounts of edge habitat (Goheen et al. 2003b; Nupp and Swihart 2000) . The Eurasian red squirrel (Sciurus vulgaris) rarely crosses open fields (Andrén and Delin 1994), a behavior that may limit its dispersal and ability to colonize. T. hudsonicus appears able to disperse readily through fragmented landscapes, because this species has successfully expanded its range in the midwestern United States concurrent with agriculturally induced fragmentation of deciduous forests and widespread afforestation of conifers (Goheen et al. 2003b; Swihart et al. 2007 ). In simulations of sciurid metapopulation persistence in Indiana, T. hudsonicus had the longest time to extinction of the 4 tree squirrel species studied, including the fox squirrel (Sciurus niger), southern flying squirrel (G. volans), and gray squirrel (Sciurus carolinensisSwihart and Nupp 1998). Effects of habitat fragmentation on T. hudsonicus are buffered by the large population growth potential of the species and its high dispersal ability, which permits rapid colonization of unoccupied patches (Swihart and Nupp 1998) . Presumably, variation in responses of T. hudsonicus to habitat fragmentation among studies is due to differences in landscape-level habitat configuration, composition, or connectivity, or a combination of these Vos et al. 2001) . Metapopulation studies evidently would benefit from comparative analyses of patch occupancy rates in landscapes with various habitat configurations and compositions (Andrén 1994) .
Management implications.-Given the short-term nature of this research project, we must caution readers about extrapolating these data across time and space. This study presents a snapshot of patch occupancy parameters of G. sabrinus and T. hudsonicus that may be useful in management design and mitigation of habitat fragmentation for 2 species with very different locomotory abilities. Subpopulations of G. sabrinus, with a relatively strong patch-area response, may be at an elevated risk of local extinction due to habitat loss and reductions in patch area compared with T. hudsonicus and possibly other arboreal sciurids. We suggest, based on the relationship between patch occupancy and patch area, that the conservation of large, contiguous tracts of forest should be a primary goal of conservation of G. sabrinus in fragmented regions. T. hudsonicus, however, appears to be most sensitive to changes in local habitat structure such that the afforestation of conifers in deciduous landscapes might mitigate the effects of habitat fragmentation. The contrasting responses of the 2 species suggests that conservation of individual species in fragmented landscapes will require diverse management techniques, a breadth of policy instruments, and a continuation of concerted research efforts.
